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Figure S1. Microstructure of the (a) general Cu foils (Sinopharm Chemical Reagent 

Co. Ltd. Used as a catalyst for the synthesis of most GDY), and (b) electrodeposited 

Cu foil. 

  



  

Figure S2. The prepared GDYNT with an inner diameter of 80 nm (The PAN 

nanofibers using the stainless steel needle number of NO. 20). 

 

  



 

Figure S3. (a,b)The high-resolution TEM images of Cu-GDYNT in different positions. 

  



Active site calculation: The electrode was prepared as mentioned above. CV 

measurements were carried out in PBS electrolyte (pH=7) [1]. Then, the absolute 

components of the voltammetric charges (cathodic and anodic) reported during one 

single blank measurement were added. Assuming a one-electron redox process, this 

absolute charge was divided by two. The value was then divided by the Faraday 

constant to get the number of active sites (n), that is n= Q/2F. 

TOF calculation： The turnover frequency (s−1) was calculated following equation: 

TOF = I/2nF 

I: Current (A) during the LSV measurement in 1.0 M KOH. 

F: Faraday constant (C mol−1). 

n: Number of active sites (mol). 

The factor 1/2 arrives by taking into account that two electrons are required to form 

one hydrogen molecule from two protons. 



 

Figure S4. (a) Cyclic Voltammograms of Cu-GDYNT, RuxCu-GDYNT, and Pt/C (20 

wt % Pt) catalysts measured in PBS solution (pH = 7) at 50 mV s−1; (b) the number of 

active sites of samples. 

  



 

 

Figure S5. CV curves of the (a) Cu-GDYNT, (b) Ru1Cu-GDYNT, (c) Ru2Cu-

GDYNT, (d) Ru3Cu-GDYNT, (e) Ru4Cu-GDYNT, (f) Pt/C20wt% at various scan 

rates to investigate the specific capacitor values (Cdl) that were used to estimate the 

electrochemical active specific surface area for HER.  

  



 

Figure S6. (a) TEM image and (b) the High-resolution TEM image of Ru3Cu-GDYNT 

after stability test in 1.0 M KOH solutions. the inset in (b) is statistic diameter of Ru 

NPs.  

  



 

 
Figure S7. Electrocatalytic HER performance of different catalysts in 0.5 M H2SO4 

(a) LSV polarization curves, (b) the comparison of 10, (c) the Tafel slopes, (d) 

Nyquist plots measured at an overpotential of 100 mV, the inset is equivalent circuit 

diagrams, (e) the capacitive currents, (f) LSVs for 0 and 2500 accelerated durability 

test cycles, the inset is time-dependent current density curve of Ru3Cu-GDYNT at the 

current density of 10 mA cm−2 for 20 h. 

  



 

Figure S8. Electrocatalytic HER performance of different catalysts in 1.0 M PBS 

(pH=7.0). (a) LSV polarization curves, (b) the comparison of 10, (c) the Tafel slopes, 

(d) Nyquist plots measured at an overpotential of 100 mV, the inset is equivalent 

circuit diagrams, (e) the capacitive currents, (f) LSVs for 0 and 2000 accelerated 

durability test cycles, the inset is time-dependent current density curve of Ru3Cu-

GDYNT at the current density of 10 mA cm−2 for 10 h. 

  



 

Figure S9. The TEM images of (a, b) Cu0-GDYNT, and (c, d) RuCu0-GDYNT. 

  



DFT Calculations: The Vienna ab-initio simulation package (VASP) based on density 

functional theory (DFT) was employed to carry out first-principles calculations [2]. In 

the calculation of structure relaxation, exchange and correlation effects were considered 

using Perdew-Burke-Ernzerhof functional (GGA-PBE)[3,4]. The long-range van der 

Waals (vdW) interactions were corrected for dispersion interaction by using the zero 

damping DFT-D3 method of Grimme. The plane wave energy cutoff was set as 500 eV. 

The force convergence of 0.02 eV∙Å−1, the self-consistency accuracy of 10−4 eV. 

 

 

Figure S10. (a) The charge density distribution images of Cu-GDYNT and Ru55/Cu-

GDYNT, (b) the binding energies of Ru55 with GDYNT and Cu-GDYNT, (c) 

calculated GH*, (d) schematic diagram of catalyst performance contribution. 

 

 

  



 

Table S1. Comparison of the 10, Tafel slope, and Ru content of Ru3Cu/GDYNT with 

other Ru-based catalysts in 1.0 M KOH 

Electrocatalysts 10 (mV) Tafel slope/mA dec–1 Ru wt% Ref. 

Ru3Cu-GDYNT 17.8 32.63 14.7 This Work 

Pt/C 28.9 32.14 20 This Work 

Ru/NiFe LDH-F/NF 115.6 87.1 0.43 5 

Ru1Co2 NPs 188 66.5 - 6 

Ru1Ni1-NCNFs 35 30 28.2 7 

Ru/CoP 56 37 18.4 8 

RuCoP 23 37 17.7 8 

Ru/C3N4/C 79 - 20 9 

Ru–Ru2P/PC 49 35.1 14.9 10 

RuP2@NPC 52 38 23.3 11 

RuPx@NPC 74 70 - 12 

RuSA+NP/DC 18.8 35.8 68.6 13 

Ru/NHCSs 26 54.1 - 14 

Ru-RuO2/CNT 12 64 57.6 15 

Ru@GnP 22 28 10.7 16 

Cu2-xS@Ru NPs 82 48 20 17 

(Ru-Co)Ox 44.1 23.5 28.4 18 

Ru2Ni2SNs/C, 40.0 23.4 5.5 19 

NiRu@N-C 32 64 1.862 20 

Ni@Ni2P−Ru 31 41 - 21 

  



Table S2. Fitting values of the electrochemical impedance of samples in solutions of 

different pH values 

Rct（Ω） 
Cu-

GDYNT 
Ru1Cu-GDYNT Ru2Cu-GDYNT Ru3Cu-GDYNT Ru4Cu-GDYNT 

1.0 M 

KOH 
714.6 343.5 1.540 0.8051 4.424 

0.5 M 

H2SO4 
12580 584.2 3.928 0.4648 0.6644 

1.0 

MPBS 
4647 319.8 32.13 19.37 23.24 

  



Table S3. Metal content in the sample measured by ICP-AES. 

 

wt% Cu-GDYNT Ru1Cu-GDYNT Ru2Cu-GDYNT Ru3Cu-GDYNT Ru4Cu-GDYNT 

Cu 17.7 10.1  4.82  3.70  3.51  

Ru 0 4.85  11.2  14.8  15.1  
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